INTRODUCTION
============

Liver cancer (LC) is the sixth most common cancer worldwide and the third leading cause of cancer-related death globally.^[@R1]--[@R3]^ People with cirrhosis or hepatitis B or C have an increased risk of LC, especially in male patients.^[@R4],[@R5]^ Trends in liver and intrahepatic bile duct cancer have shown significant increases over the past few years.^[@R6]^ An estimated 30,640 adults in the United States were diagnosed with primary LC in 2003.^[@R7]^ However, it also uncharacteristically affects young people who do not have these related risk factors. Although LC remains an affliction of elderly people, there has been a shift toward relatively younger individuals.^[@R8]^ Therefore, LC in young people is a topical issue in oncology. LC in young patients usually presents at an advanced stage with a poor pathological grading, which tends to have a poorer prognosis compared to elderly patients.^[@R9],[@R10]^ However, other studies have demonstrated that even though young patients have unfavorable pathological features, they have a better, at least no worse, long-term survival than elderly patients.^[@R11],[@R12]^ As young age has wider subgroups with potential heterogeneous, different subgroups may cause different prognosis.

In this study, we searched the Surveillance, Epidemiology, and End Results (SEER) population-based database for young patients with LC and divided them into 2 subgroups: aged ≤35 years and 36 to 45 years. The purpose of this population-based study was to analyze the clinicopathological characteristics and cancer-specific survival (CSS) of these subgroups of young patients with LC in the SEER population-based database.

METHODS
=======

Patients
--------

The SEER Cancer Statistics Review (<http://seer.cancer.gov/data/citation.html>), a report on the most recent cancer incidence, mortality, survival, prevalence, and lifetime risk statistics, is published annually by the Data Analysis and Interpretation Branch of the National Cancer Institute (NCI; Bethesda, MD). The current SEER database consists of 17 population-based cancer registries that represent ∼26% of the population in the United States. The SEER data contain no identifiers and are publicly available for studies of cancer-based epidemiology and survival analysis. The National Cancer Institute\'s SEER^∗^Stat software (Version 8.1.5) ([www.seer.cancer.gov/seerstat](http://www.seer.cancer.gov/seerstat)) was used to identify patients whose pathological diagnosis as LC based on International Classification of Diseases for Oncology topography codes (C22.0 and C22.1) between 1988 and 2005, for liver and intrahepatic bile duct cancers, respectively. Morphology codes for LC were expanded to include the following histologies: 8170, 8171, 8172, 8173, 8174, 8175, 8160, and 8180 (ie, not otherwise specified, fibrolamellar, scirrhous, spindle cell variant, clear cell type, pleomorphic-type hepatocellular carcinoma \[HCC\], cholangiocarcinoma, and combined HCC and cholangiocarcinoma). Only patients who underwent surgical treatment at age 18 to 45 years were included in the current study. Patients diagnosed after 2006 were excluded to ensure an adequate follow-up time. Patients were excluded if they had no evaluation on follow-up. Liver cancer-specific survival (LCSS) was assessed depending on age, sex, race, histological type, stage, tumor grade, and tumor size. Adjuvant chemotherapy was not evaluated because the SEER registry does not include such information. The primary endpoint of the study was LCSS, which was calculated from the date of diagnosis to the date of cancer-specific death. Deaths attributed to the cancer of interest were treated as events and deaths from other causes were treated as censored observations.

This study was based on public data from the SEER database, and we obtained permission to access the research data files with the reference number 11928-Nov2013. It did not include interaction with human subjects or use personal identifying information. The study did not require informed consent and was approved by the Review Board of Nanjing Medical University, Nanjing, China.

Statistical Analysis
--------------------

Years of diagnosis, sex, age, race, primary site, pathological grading, histological type, stage, tumor size, survival time, and LCSS were extracted from the SEER database. Young patients with LC were divided into 2 age groups: Group 1 (≤35 years) and Group 2 (36--45 years). The primary endpoint of this study was LCSS, which was calculated from the date of diagnosis to the date of cancer-specific death. Deaths attributed to the LC of interest were treated as events and deaths from other causes were treated as censored observations. Statistical association of age with clinicopathological parameters was analyzed by χ^2^ test. Survival curves were generated using Kaplan--Meier estimates, and differences between the curves were analyzed by log-rank test. Multivariable Cox regression models were constructed for analysis of risk factors for survival outcomes. All of the statistical analyses were done using SPSS for Windows version 17 (Chicago, IL). Results were considered statistically significant when a 2-tailed test achieved *P* \< 0.05.

RESULTS
=======

Patient Characteristics
-----------------------

There were 2641 cases of LC diagnosed between 1988 and 2005 in the SEER database. At first, as shown in Table S1, <http://links.lww.com/MD/A233>, these young patients were divided into 4 age groups: 294 patients in Group I (≤30 years), 282 in Group II (31--35 years), 610 in Group III (36--40 years), and 1455 in Group IV (41--45 years). However, no differences in LCSS were observed between Groups I and II, or Groups III and IV (Figure [1](#F1){ref-type="fig"}A). Thus, Groups I and II were merged into Group 1 (≤35 years) and Groups III and IV were merged into Group 2 (36--45 years) to increase patient numbers. There were 2000 (75.7%) male and 641 (24.3%) female patients, which was consistent with epidemiological results in which men have higher LC rates than women. The median age was 39 years. The median follow-up period was 24 months. Patient demographics and pathological features are summarized in Table [1](#T1){ref-type="table"}.

![Survival curves in patients with liver cancer according to different age groups. A: Group I versus Group II, χ^2^ = 2.243, *P* = 0.134; Group I versus Group III, χ^2^ = 17.304, *P* \< 0.001; Group I versus Group IV, χ^2^ = 22.360, *P* \< 0.001; Group II versus Group III, χ^2^ = 5.474, *P* = 0.019; Group II versus Group IV, χ^2^=8.469, *P* = 0.004; Group III versus Group IV, χ^2^ = 0.252, *P* = 0.616. (B) Group 1 versus Group 2, χ^2^ = 26.990, *P* \< 0.001.](medi-94-e684-g001){#F1}

###### 

Characteristics of Patients From SEER Database by Age
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Clinicopathological Differences Between the Groups
--------------------------------------------------

As illustrated in Table [1](#T1){ref-type="table"}, there were significant differences between the 2 groups, including years of diagnosis (more frequent in 2000--2005, *P* = 0.046), sex (more frequent in women, *P* \< 0.001), race (less frequent in whites, *P* \< 0.001), stage (less localized, *P* \< 0.001), and tumor size (\<3 cm, *P* \< 0.001). With regard to primary site (*P* = 0.874), pathological grading (*P* = 0.161), and histological type (*P* = 0.719), no significant differences were found. With respect to the median follow-up, there was a significant difference between the 2 groups (*P* \< 0.001).

Impact of Age on LC Survival Outcomes
-------------------------------------

Univariate log-rank test showed that the overall 5-year LCSS was 20.4% in Group 1 and 14.5% in Group 2 (*P* \< 0.001) (Figure [1](#F1){ref-type="fig"}B). Moreover, male sex, early year of diagnosis (1988--1993), African--American race, poor/undifferentiation grade, advanced stage, and larger tumor size were regarded as significant risk factors for poor prognosis, by univariate analysis (*P* \< 0.001) (Table [2](#T2){ref-type="table"}). Multivariate analysis was also performed by Cox regression model. We identified the following 7 factors as independent prognostic factors (Table [3](#T3){ref-type="table"}): year of diagnosis, sex, age, race, pathological grading, stage, and tumor size. Patients aged ≤35 years experienced a significantly lower liver cancer-specific mortality (LCSM) compared with the patients aged 36 to 45 years (hazard ratio \[HR\] 1.436, 95% confidence interval \[CI\] 1.293--1.596, *P* \< 0.001; patients aged 18--35 years as the reference). Patients with tumors \<3 cm also experienced a significantly lower LCSM compared with tumors 3 to 5 cm (HR 1.516, 95% CI 1.241--1.852, *P* \< 0.001; \<3 cm as the reference) and \>5 cm (HR 1.939, 95% CI 1.622--2.317, *P* \< 0.001; \<3 cm as the reference).
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Univariate Survival Analyses of Patients With LC According to Various Clinicopathological Variables
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Multivariate Cox Model Analyses of Prognostic Factors of LC
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Stratified Analysis of Age on Cancer Survival According to Stage
----------------------------------------------------------------

We analyzed whether age was associated with 5-year LCSS at different stages. Univariate analysis showed that patients aged ≤35 years had a better 5-year LCSS than those aged 36 to 45 years with localized (*P* = 0.040), regional (*P* = 0.002), and distant-stage (*P* \< 0.001) LC (Table [4](#T4){ref-type="table"}). Multivariate Cox regression analyses were performed at different stages and the results showed that age was validated as an independent predictor of survival for localized stage (Group 2, HR 1.334, 95% CI 1.084--1.643), regional stage (Group 2, HR 1.315, 95% CI 1.097--1.577), and distant stage (Group 2, HR 1.509, 95% CI 1.239--1.837) (Table [5](#T5){ref-type="table"}).
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Univariate Analysis of Age on LCSS Based on Different Stages
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Multivariate Cox Model Analyses of Prognostic Factors of LC on Different Stages
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DISCUSSION
==========

Although several studies have evaluated the pathological features and survival in young patients with LC,^[@R1],[@R13]--[@R15]^ the role of age in the young has not been well characterized. There are still some controversies regarding the prognosis of young patients due to the heterogeneity among these studies. Ni et al^[@R9]^ reported that young patients with LC are considered to have a poorer prognosis compared with elderly patients.^[@R10]^ However, other studies have demonstrated that young patients have better LCSS than elderly patients.^[@R11],[@R12]^ The SEER Program of the NCI also confirms better relative survival rates in young patients.^[@R16]^ These varying results for LC may have been because of the controversy surrounding the definition of young patients with LC. Some studies used 50 years as the cut-off age,^[@R15],[@R17]^ and other studies defined young as 40,^[@R18],[@R19]^ 30,^[@R20]^ or even 45 years.^[@R21]--[@R24]^ The morbidity of LC is relatively rare and stable until 45 years.^[@R25]^ We defined 45 years as the cut-off for younger age. Moreover, most of the previous studies were based on single-institution experiences or small samples, which makes the conclusions less convincing. Furthermore, young age is consists of wide age ranges, and different subgroups may have different prognosis. Thus, heterogeneity is a characteristic in young patients. Stratified analysis of age groups for CSS and clinicopathological features is meaningful.

In this study, we divided young patients with LC into 4 subgroups: Group I (aged ≤30 years), Group II (31--35 years), Group III (36--40 years), and Group IV (41--45 years). However, there were no significant differences in 5-year LCSS between Groups I and II, as well as Groups III and IV. Thus, Groups I and II were merged into Group 1 (aged ≤35 years) and Groups III and IV were merged into Group 2 (36--45 years) to increase patient numbers. We found fewer patients with localized cancer (21%, 178 of 830) and tumor size \<3 cm (13%, 33 of 252) in Group 1. Young patients with LC aged ≤35 years had better long-term survival than patients aged 36--45 years, despite showing advanced tumor stage and poor pathological grading. This confirms our hypothesis that young patients are inherently heterogeneous.

Young patients have more aggressive biological behavior, but it could be compensated by better liver function and faster recovery from surgery, which contribute to longer survival. Univariate and multivariate analysis revealed that young patients with LC (aged ≤35 years) had better 5-year LCSS across several age subgroups.

Our study had some limitations in relation to the data set used. First, the SEER database lacks several important tumor predisposing factors (eg, viral hepatitis, nonalcoholic fatty liver disease, and cirrhosis), cancer therapy (neoadjuvant and adjuvant), as well as α-fetoprotein levels, which could not be adjusted by our analyses. Second, despite our study being based on a large population and multicenter, individual subgroups became small after stratifying by age, yielding limited statistical power. Third, the SEER database only includes patients who have undergone surgical resection for LC; however, these patients cannot represent LC patients who have unresectable tumors. Importantly, because of economic, religious, or poor physical conditions, older patients are more likely to forgo aggressive treatment (chemotherapy and surgery), which may have contributed to poor survival in the older patients. Still, our study was based on a large population and the data was multicenter in origin, was and hence convincing.

In conclusion, our analysis reveals that the group of young patients with LC aged ≤45 years is essentially heterogeneous. Patients aged ≤35 years have better LCSS than those aged 36 to 45 years, despite having advanced tumor stage and poor pathological grading.

Abbreviations: CSS = cancer-specific survival, LC = liver cancer, LCSS = liver cancer-specific survival, SEER = Surveillance, Epidemiology, and End-Results.
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